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Emergency Management of 
Metabolic Encephalopathies in 
i children 
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o those residents in te frontline (Emergency room) 


Therapeutic Classifications of Inborn Errors of Metabolism 
(IEM) 


of relatively larger amount of protein than 
to metabolize. 


of protein during episodes of 
y): infection, surgery, fever. 
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Clinical scenarios 


Either first presentation of healthy neonate, infant or child or a 
decompensation of a patient with known IEM 

‘© Neonate or infant with poor suckling, lethargy, convulsion or sepsis- 
Tike picture 

‘An infant! child with persistent vomiting and acidosis 

‘An infant/child with encephalopathy (encephalitis like picture) 
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e-flowing venous (or better arterial) blood sample 
id be collected on lithium heparin or EDTA tube. 
“should be transported immediately on ice to lab. 
d within 15 minutes and analyzed immediately. 
sma is separated, the ammonia is stable for 4 hours 
C and for 24 hours at -20° C. 


ing and hemolysis can cause false increase. 
of standing blood increase spontaneously due 
and release of ammonia from RBCs and to a 
from deamination of amino acids by enzymes 
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e Arterial samples are more reliable 

« venous obstruction by tourniquet, crying, or breath holding 
may increase plasma lactate concentrations by two- to three 
folds!!! 

© Serum lactate can also be increase in hypoxia, infections, 
convulsions, cardiac disease 


‘Extended Metabolic Screen (EMS) using Tandem 
Mass Spectrometry (TMS) 


e Few drops of blood on special filter paper 
If filter paper is not available, take one ml on heparin (green 
top) tube and keep it in Fridge (not freezer). 


currently screened by EMS 


ids profile sereen for: 
(high in Phenylketonuria) 
in Tyrosinemia) 
in OTC, high in citrullinemia) 
gh in Arginase deficiency) 


Pearls in management of IEM 


‘treatment before the confirmation of a diagnosis 
ifesaving and may reduce the neurological squeals 
‘of some of these disorders 
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1- Supportive care: 
© Most patients will need rehydration, adequate salorics, 
correction of acidosis, electrolytes, calcium, and 
phosphorus. 
© Most patients have functional immunodeficiency which 
can result in persistent catabolism and therapeutic failure 
and so infections must be prevented and properly treated 


2- Nutrition: Extremely important 
e Stop incriminated substance (protein). for not more than 24 
hours 
æ Supply a good source of energy (IV glucose 10%) 


3- Specific therapies: 
v This is used for some disorders and includes substances 
that enable ammonia excretion (Na benzoate), camitine, and 
‘vitamins (Cofactors). 
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Emergency Management of UNDIAGNOSE: D 
Inborn errors of metabolism 


1. Stop accumulation of toxic metabolites. 

2. Prevention of catabolism (provide adequate calories) to 
prevent further catabolism 

3, Enhance the excretion of toxic metabolites 

4, Co-factor therapy for specific disease and also empirically 
if diagnosis not established. 

5. Symptomatic and Supportive care 


Steps 
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How to achieve Aims 


* Stop protein intake 


i calories by glucose infusion (1058 


‘solution. (2 ml/kg over 
Pad maintenance pediament solution). 


Stier develop , add insulin (0.01-0.1 IU/kg/hr) 
to "inabolism. Monitor very closely and withdraw 


few minutes (then deficit 


‘with normalization of blood glucose 


+ Hydroxycot amine (Depovit | mg/day) 
‘Biotine fort: 10 -20 mg /day 
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2- Take samples ee 
Ae] 


[Blood gases and pH, anion gap (Venous) — 
e Ammonia 

e Lactate 

«Serum glucose and urine ketones. = 
e CBC, CRP 

+ Electrolytes (Na, K, Ca, ph, Cl (ifavailable)) 
e ALT, AST 

* Creatinine, urea, uric acid 


in the freezer if the lab is closed 
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3- Emergency treatment: 


1-Stop intake of all potentially toxic | 
compounds (mostly proteins) for not more. 
than 24 hours. | 

2 Give glucose infusion of a 10% solution 

For pediament (2 ml/kg over few minutes. 

e, Then correct deficit and give maintenance 

P solution. 

3- Give L carnitine 1V or oral at a dose of 
200 mg/kg/day in three or four divided 
doses 

+ Give vitamins B1, B2, B6 (100 mg/day 
each or neurovit or neurobione). 

5- Also, B12 hydoxycobolamine (Depovit) 

1 mg/day IM 

6 And biotine 10 mg/day (biotine fort) oral 

or lV 


7- Symptomatic and supportive care: 

‘© Correction of dehydration 
e. correction of hyperammonemia 
e correction of metabolic acidosis 
* Treatment of convulsions 
* Give antibiotics 


glucose of hyperglycemia develops. 
a dose of 0.01- 0.1 units /kg /h with. 
lose monitoring 
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‘Treatment of fryperammonemia 


‘© You have already stopped protein intake 
7. Give Sodium benzoate or sodium phenylacetate 250 mg / Kg as a primary 
infusion in a 90 minutes period, Then 250 -500 mg/ Kg/day as a 


central slow drip feeding via nasogastric tube with minimal amount of 
protein (025 gm / Kg { day) during the first 24 hours of therapy: 


‘Treatment of metabolic acidosis 


]- Correct dehydration 
2. if acidosis persists after correction of dehydration. give sodium 
bicarbonate if the pH «7.2 or the pH is deteriorating rapidly or the 
base deficit is greater than 10 mmol/l 
Give a half correction [0.5 x body weight x base deficit] with sodium. 
bicarbonate over at least 30 minutes. And reche 
t once if necessary and keep an eye on plasma sodium 
rations. Aggressive therapy with repeated boluses of IV 
iate may induce hypernatraemia, cerebral oedema, and 
ce il haemorrhage. 
response, and ihe patient is well hydrated, have no 
thy or pancreatitis, CALL for peritoneal dialysis and 
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‘Management of specific diseases 
Aurea. Cycle defect due to OTC deficiency 


Decompensation is often triggered by metabolic stress; febrile 
illness, fasting and any protein loading but sometimes there is no 


apparent cause, 


Early signs of decompensation may be subtle: vomiting, lethargy: 
3 ‘of appetite or exacerbation of pre-exiting. neurological 
blems (irritability, fits, etc) or just does not feel ok. At early 
cs the ammonia is not so increased because glutamine 


lates first and leads to cerebral oedema. 


rt this treatment if the patient is obviously unwell, vomiting, 
‘uncooperative or is behaving oddly. 


intravenous cannula and send blood for plasma 
urgently and also for urea, electrolytes, glucose, 


vulture. 


quate calorie, fluids and electrolytes IV: Give 
‘at 2-5 ml/kg/h. until the maintenance solution 
iment); Quickly calculate the deficit and 
and prepare the intravenous fluids. 1l 
ops, start insulin as indicated before 


of sodium benzoate 250 mg/kg (added to 
urs) then maintenance sodium benzoate 
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5. Arginine (Note: some parents carry supplies of these): 200- 
600 mg/kg and maintenance of 100-170 mg/kg/day (some 
patients may need up to 400-700mg/ke/day) 


6. Prevent constipation by giving lactulose 
7. Carnitine oral or IV at dose of 100 mg/kg/day 


8, Give antibiotic and properly treat infection. 


9. Potassium should be added once urine flow is normal and the 
plasma potassium concentration is known. 


"MFammonia level is more than 400 u mol L or if its level does 
‘decrease with conservative treatment after 24 hours, 
venous hemodialysis or haemoinfiltration or 
filtration, peritoneal dialysis should be started 
‘on the local availability of the method and the 

of the medical staff. 


reassess every 4-6 hours or earlier if there is 
of clinical status. Assess using both Glasgow coma 
glucose and electrolytes 


enteral feeds: as early as possible with small 
0.25 gm/kg/day and increase gradually 


and labo: 


Pearls in Emergency Management of Organic 
acids disorders 


For many organic acid disorders, early diagnosis and treatment 
can significantly change the outcome of the patient. Improved 
‘outcome is noted in most cases when the infant is, provided a low- 

diet and carnitine supplementation. For some organic 
acid disorders, additional dietary supplements and/or vitamins 
are recommended. Aggressive treatment during metabolic crises, 
including glucose administration, is recommended. 
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Methybnaloni lemia (MMA 
MMA is caused by a deficiency of methylmalonyl CoA mutase, 
an enzyme on the catabolic pathway of protein metabolism 
(methionine, threonine, valine and isoleucine) and cholesterol 
side chains, odd chain fatty acids and free propionate from the 
gut. The co-factor for the enzyme isa derivative of vitamin Bu 
(hydroxocobalamin). 


Decompensation is often triggered by metabolic stress such 25 
febrile illness, particularly diarrhoea or vomiting, fasting or 
constipation, but an obvious precipitant cause is not always 
apparent. Early signs of decompensation may be subtle 
Jeth: decreased appetite, irritability or just “does not look ok". 
Vomiting is common and should always be taken seriously. 


Please always listen to parents carefully 


treatment should be meticulous as there is a high 
plications like ence stroke like 
" idosis iti 


ic dosis, 


atment if the patient is obviously unwell, 
sy, uncooperative or acidotic. Do no! delay if 
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lculat follo 
use of increased fluids requirements: 120mi/kg for 1” 10 
kg then 60 mi/kg for next 10 then 25ml/kg)- 


and send blood for plasma 


ose urgently. Please ask 
eatinine, amylase- 
osphatase. 


2, Stop protein intake (for not more than 48 hours) 


maintenance 50! (Pediament): 

‘the deficit and maintenance the 
may be added as indicated before 

[V at dose of 200 mg/kg/day in 3-4 

ise a loading dose of 100 mg/kg. 

münuous infusion of 


rT 
references advise. 
minutes followed by a co 
as a maintenance) 


bolic acidosis as described before. 
rammonemia as described before. 


7.5 mg/kg per dose 8 hourly 


is vitamin By: responsive or Bi: status is not 


s hydroxocobalamin 1 mg intramuscularly 


with proper antibiotics 
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10. Treat constipation (which increases propionate absorption 
from the gut). 


11. Potassium can be added, if appropriate, once urine flow is 
normal and the plasma potassium concentration is known. 


»* Pancreatitis is suspected if there is abdominal pain, shock 
out of proportion of other symptoms or hy pocalcemia. Check 
plasma lipase and amylase and arrange for abdominal 
Ultrasound. Plasma lipase and amylase activity should be 
repeated as these may not be raised, particularly at an early 
stage. 


**Cardiomyopathy may develop for no reason at any time. If you 
suspect cardiomyopathy arrange for Echocardiography and call 
for cardiologist. 


Monitoring: reassess after 4-6 hours (or earlier if there is any 
erioration or no improvement). This include: clinical 
ent with Glasgow coma score, blood pH and gases, 
glucose, lactate, urea and electrolytes, full blood count, 
phosphate, ALP and_amylase/lipase if pancreatitis a 


feeds with some protein should be introduced as early 
as this allows a much higher energy intake and 
risk of malnutrition. If enteral feeds cannot be 

48 tart total parenteral nutrition (TPN 


avoided - Sodium Valproate 


ubt at all, the child must be admitted, even 
ir à short period of observation, 
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Itis one of the protein TEM caused by a deficiency on propiony! 
CoA carboxylase, an enzyme on the catabolic pathway of 
aminoacids (isoleucine, valine, threonine and methionine) as well 
as cholesterol side chains, odd chain fatty acids and free 
propionate from the gut. 


Decompensation is ofien triggered by metabolic stress such as 
febrile illness, particularly diarrhoea or vomiting, fasting, or 
constipation. Decompensation may be manifested by lethargy, 
refusal of eating, irritability or just ‘not right’. 


“© Please, always listen to parents carefully. 


| + Emergency treatment should be meticulous as there is a 
igh risk of sei complicatio: 


this treatment if the patient is obviously unwell, 
ing, drowsy, uncooperative or acidotic. Do not delay 


enous cannula and send blood for plasma 
)H and blood gases and glucose urgently. 
‘also for CBC, lactate, electrolytes, creatinine, 
phosphorus and alkaline phosphatase. 


(for not more than 48 hours). 


te calorie, fluids and electrolytes IV: Give 

i 2-5 ml/kg/h. until the maintenance solution 
ent): Quickly calculate the deficit and 

ad prepare the intravenous fluids 
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4. Correct metabolic acidosis as described before 


5. Correct hyperammonemia as described before 


6. Give Carnitine oral or IV at dose of 100 — 200 mg/kg/day 
7. Give Metronidazole 7.5 mg/kg per dose 8 hourly 
8. Treat any infection with proper antibiotics 


9, Treat constipation (which increases propionate absorption 
from the gut). Do not use lactulose as this can be Fermented 
to propionate by gut bacteria) 


10: Potassium can be added, if appropriate, once urine flow is 
normal and the plasma potassium concentration is known 


‘Pancreatitis is suspected if there is abdominal pain, shock out 

proportion of other symptoms or hypocalcemia, Check plasma 

and amylase and arrange for: abdominalultrasound. Plasma 

d amylase activity should be repeated as these may not 
particularly at an early stage. 


yyopathy may develop forno reason at any time. If you 
diomyopathy arrange for Echocardiography and call 
t. Cardiac arrhythmias, notably long Q-T, are an 
plication that may be responsible for sudden death. 
ry from time to time so all sick patients should be 


after 4-6 hours (or earlier if there is any 

no improvement) This include: clinical 

| Glasgow coma score, blood pH and gases, 

a lactate , urea and electrolytes, full blood 

Phosphate, ALP and amvlase/lipase if 
ly. 
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in should be introduced as ently 


Medicines to be avoided - Sodium. Valproate; 


at all, the child must be admitted, even 
for a short period of observation 


L there is any doubt 
if only necessary 
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eficiency of isovalery! CoA 
tabolic pathway of 


ction of isovaleric 
d with a low 


Isovaleric acidaemia is caused by a d 
dehydrogenase, am enzyme on the cal 
leucine. ‘Treatment is aimed at reducing produ: 
and increasing its removal. ‘The patients are treate 
protein diet, glycine and carnitine 

Decompensation is often triggered by metabolic stress such as 

febrile illness, particularly diarrhoea or vomiting, fasting, oF 
jon may be manifested bY lethargy. 


constipation. Deco i 
refusal of eating. irritability or just "not ok’. 
ba] 

[00 Plense, always listen to parents carefully. 


vomiting, 
vou are 


is obviously unwell, 
not delay i 


ood for plasma 
gases and glucose urgently. 
ate, electrolytes, creatinine 
alkaline phosphatase 


and send bl 


rs). 


(for not more than 48 how 


juids and electrolytes IV: Give 
until the maintenance solution. 


nt): Quickly calculate the deficit and 
the intravenous fluids 


e calorie, M 


as described before 
- md 
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6. Give Carnitine oral or IV at dose of 100 — 200 mg/kg/day 


7. Give Glycine via nasogastric tube at a dose of 300 mg/kg per 
day. 
8. Treat any infection with proper antibiotics 


9. Polassium can be added, if appropriate, once urine flow is 
‘normal and the plasma potassium concentration is known 


icr is is suspected if there is abdominal pain, shock out 

portion of other symptoms or hypocalcemia. Check plasma 

and amylase and arrange for abdominal ultrasound. Plasma 

and amylase activity should be repeated as these may not 
particularly at an early stage. 


reassess aller 4-6 hours (or earlier if there is any 

Mon or no improvement). This include: clinical 

ent with Glasgow coma score, blood pH and gases, 

a, glucose, lactate , urea and electrolytes, full blood 

calcium, phosphate, ALP and amylase/lipsse if 
ity. 


of malnutrition. If enteral feeds cannot be 
hours s Tea 


‘at all, the child must be admitted, even | 
for a short period of observation, 
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branched chain 
Valine). 
the result of 
which are toxic 
hypoglycemia, 


MSUD is disorder affecting the breakdown of 
amino acids (BCAA: Leucine, Isoleucine 
in d d patients is 

arly leucine), 


Encephalopathy in decompensate 
accumulation ofthe BCAA (rate 
at high concentrations. Ib 
fnyperammonaemia or acidosis- 


Decompensation: often triggered by metabolic stress such a$ 

ile illness, particularly gastroenteritis or fasting but am 
cause is not always apparent. 

: lethargy. irritability or just spot right’. vomiting 

“and should always be taken seriously. 


gis 


catabolism and promoting anabolism by providing | 
take combined with the ehild's usual MSUD amino 


al protein. 
oleucine and 
f individual 


by stopping or restricting "natur: 
maintained between leucine, iso 
npensation giving supplements 0 


send blood for plasma 


cannula and 
(whatever available) , PH and blood 
ently. Please ask also for CBC, 


‘creatinine and amylase, 
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fluids and electrolytes IV: Give 


3. Provide adequate calorie, 


Glucose 10% at 2-5 ml/kg/h. until the maintenance solution is 
ready (Pediament Quickly calculate the deficit ix 
i fluids 


maintenance and prepare the intravenous 
Hyperglycaemia can be a problem. If hyperglycemia 
developed start an insulin as indicated before. 


4, Potassium can be added, if appropriate, once urine flow is 
normal and the plasma potassium concentration is known. 

5, Intra-lipid may be added 2g/kg/d (Q.4mV/kg/hour of 20% 

solution). 


“Treat any infection properly 


ium can be added, if appropriate, once urine flow is 
nal and the plasma potassium concentration is known 


ring: Reassess after 4-6 hours or earlier if there is any 

ration or no improvement call for peritoneal dialysis 
ough less efficient than hemodialysis). 
i of enteral feeds: enteral feeds should be used 
ible to promote anabolism and protein synthesis. 


e aminoacid mixture should be given as 
natural protein introduced adjusted 
plasma BCAA concentrations, The branch 
free aminoacid mixture should be added 
g /kg/d. This should be increased 
(d. 


at all, the child must be admitted, even | 
‘a short period of observati 
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ed by metabolic stress such as 
and particularly vomiting and 

with encephalopathy and 
signs of decompensation may be 


complications are ‘encephalopathy, 


y hypoglycaemia and rhabdomyolysis. 


lucose ~ 


of fat by providing ample gh 


m vaa sid | 


Start this treatment if the patient is obviously unwell, 
vomiting, drowsy, uncooperative or acidotic. Do not delay if 
you are uncertain, 


J. Insert intravenous cannula and send blood pH and blood 
gases Glucose (laboratory and bedside strip) CBC, creatinine, 
electrolytes. 


2, Provide adequate calorie, fluids and electrolytes IV: Give 
Glucose 10% at 2-5 ml/kg/h. until the maintenance solution 
is ready (Pediament); Quickly calculate the deficit and 
maintenance and prepare the intravenous fluids 


3. Give Carnitine IV at dose of 100-200 mg/kg/day, oral if IV 


4. Treat any infection with proper antibiotics 
‘Treat metabolic acidosis if present 


wring: Reassess after 4-6 hours (or earlier if there is any 

Do improvement), This include: Clinical 
nt wit gow coma score, Blood pH and gases , 
‘Urea and electrolytes. 
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rhabdomyolysis myoglobulinuria 


e The early signs may be subtle (weakness, lethargy or 


“floppiness) 


pease Aways isten to parents careful 


sy treatment should be meticulous as the 
ications including: 
into the systemic circul 


renal vasoconstriction and acute renal failure 


re is a 


lation, with a 


of potassium into the systemic circulation, with 


tially life-threatening acute hyperkalaemia 


emia due to release of purines from 


ig cell nuclei 


to efflux from damaged 


may be due 
ation and 


tential metastatic calcific 


ign of weakness and 


DO NOT wait till 


les for CPK, urine 


ula and send samp! 
icid-base 


calcium and phosphorus. a 
nd creatinine measurements. 


1. Insert intravenous cann 
lobin, potassium, 
status, uric acid, urea an 


2. Maintenance of adequate preload and urine output 


3. Maintenance fluid at 2-3 x normal requirements. 


j ‘sation of urine, (sodium bicarbonate 13 


m 'day (IV or orally depending on the clinical status of 
the patient), given as doses every 4 — 8 hrs) to protect against 


oglobin-induced renal failure. Aim to keep urinary pH 
«65. If metabolic alkalosis develops (pH > 7.45) there 
theoretical risk of ‘enhancing metastatic calcification 


js may be necessary for acute renal failure. 


at any infection with proper antibiotics 


: Reassess after 4-6 hours (or earlier if there is any 
or no improvement). This include: Clinical 
output, Blood and urine pH Urea, creatinine, 
isphorus, K and CPK i 


at all, the child must be admitted, even | 
iiiaio 5 
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Glutaric aciduria. type 1(6.A type D 
is a rare inborn error of protein metabolism due to 
plutaryl-CoA dehydroge! deficiency V is involved in 
lysine, ydroxylysines and tryptophan metabolism. 
o acids and their intermediate. 


s of these ami n 
di to the brain, particularly the 


Jreakdown pre 
pasal ganglia 


iş secondary dystonia. 


neurological sequela 
hypotonia. 


without delay and 
brile illness 


venous cannula and send blood for pH and 
s, CBC, electrolytes and blood culture, 
24 hours) and 


nural proteins (not more than 
introduce it. Prolongation of inadequately 
ke increases the risk of protein catabolism. 


ose (2 mi/kg of 10% $ 

maintenance solution is ready 

calculate the deficit and maintenance 

ravenous fluids, If hyperglycemia 
eviously indicated. 


e to 200 mg/kg/day 


decompensation aS metabolic 


d ammonia 
y ast wisker laf Me aid 


NEC ud 


with ms 


caloric intake by frequent carbohydrate feeds 

especially liquids if tolerated. If lysine free aminoacid 

ture available and can be tolerated orally or via naso- 

i Sube sa with 0.5 'kg/d but for as short a period as 

possible. Do not delay giving other treatment if the 
mixture is not immediately available. 


6, Increase 


body temperature raises above 38.5 °C, antipyretics, such 

"as ibuprofen or paracetamol (each 10-15 mg/kg per single 
d doses daily, maximum daily dose 60 mg/kg body 
i should be administered. 


ium can be added, if appropriate, once urine flow is 
‘normal and the plasma potassium concentration is known. 


ngs Resssess after 46 hours (or earlier if here is any 
tion or no improvement). This include: Clinical 
nt with Glasgow coma score, Blood pH and gases, 


ction of enteral feeds: enteral feeds should be used 
ossible to promote anabolism and protein synthesis 


bt at all, the child must be admitted, even 
a short period of observation. 


